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 ABSTRACT 
 Our objective was to determine the effect of com-
monly used milk preservatives on the accuracy of fat, 
protein, and lactose content determination in milk by 
mid-infrared (mid-IR) milk analysis. Two producer raw 
milks (Holstein and Jersey) and 2 pasteurized modified 
milks, 1 similar to Holstein milk and 1 similar to Jersey 
milk were used as the 4 different milk sources. Seven 
different milk preservative approaches (K2Cr2O7 and 6 
different bronopol-based preservatives) and a portion 
of unpreserved milk for each of the 4 different milks 
sources were tested for fat B, lactose, protein, and fat 
A. The experiment was replicated 3 times (28 d each) 
for a total of 84 d. Two mid-infrared (mid-IR) trans-
mittance milk analyzers (an optical and a virtual filter 
instrument) were used. A large batch of pilot milk was 
prepared from pasteurized, homogenized, unpreserved 
whole milk, split into vials, quick frozen by immersion 
in liquid nitrogen, and transferred into a –80°C freezer. 
Pilots were thawed and analyzed on each testing day 
during the study. Significant increases were observed in 
all uncorrected readings on the pilot milks over the 84 
d of the study, but the increases were gradual and small 
on each instrument for all components. Results from 
the study were corrected for these changes. A signifi-
cant difference in mid-IR fat A readings was observed, 
whereas no differences were detected for fat B, lactose, 
or protein between unpreserved and preserved milks 
containing 0.02% K2Cr2O7. Therefore, K2Cr2O7 has little 
or no effect on mid-IR test results. All bronopol-based 
preservative approaches in this study differed in mid-
IR test results compared with K2Cr2O7-preserved and 
unpreserved milks, with the largest effect on protein 
results. Mid-IR uncorrected readings increased with 
time of refrigerated storage at 4°C for all preservative 
approaches, with the largest increase for protein. The 
rate of increase in uncorrected readings with time of 
storage was always higher for raw milks than for pas-
teurized milks, and the stability of instrument zero was 
lower for raw milks than for pasteurized milks. The 
largest economic effect of a systematic bias caused by 
a preservative occurs when the milks used for calibra-
tion and routine testing for payment do not contain 
the same preservative or when calibration milks are 
preserved and milks for routine testing are unpreserved. 
These effects can create errors in payment for large 
dairy processing plants ranging from several hundred 
thousand to over a million dollars annually. 
 Key words:   bronopol ,  dichromate ,  infrared milk 
analysis ,  preservative 
 INTRODUCTION 
 Mid-infrared (mid-IR) milk analyzers are used for 
high-speed measurement of fat, protein, and lactose con-
tent of milks for DHIA milk production recordkeeping 
and for milk payment testing. These instruments require 
calibration (Kaylegian et al., 2006a,b) with milks that 
have known reference values for fat (Mojonnier ether 
extraction), protein (Kjeldahl true protein), and lac-
tose (spectrophotometric enzymatic) as determined by 
chemical reference methods (AOAC, 2000). Currently, 
2 approaches are used for mid-IR milk analysis: one ap-
proach uses pairs (sample and reference) of well-defined 
wavelengths to measure each component (Kaylegian 
et al. 2009) and the other approach uses partial least 
squares (PLS)-based prediction models that do not use 
fixed pairs of wavelengths, but instead use a series of 
PLS regression coefficients together with a larger num-
ber of different wavelengths in the range from 3 to 10 
μm. The PLS-based calibrations models differ among 
instrument manufacturers and may differ from 1 in-
strument model to another by the same manufacturer. 
Generally, the wavelengths used in the PLS prediction 
models and the regression coefficients provided by an 
instrument manufacturer for routine milk testing, are 
considered to be proprietary information. In the United 
States, milks tested by DHIA laboratories are usually 
unrefrigerated and preserved, whereas milks tested for 
payment are refrigerated (<4°C) and unpreserved. Ide-
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ally, the milks used for calibration and the milks tested 
in routine analysis on an instrument should either both 
be preserved in the same way or unpreserved.
During milk component testing, milks should main-
tain their original composition and test results from the 
time of milking to the time of analysis. Over the last 75 
yr, the systems used to collect and handle milk samples 
and the methods used for testing have changed greatly. 
Originally, composite milks were collected over a 15-d 
period by taking an aliquot of milk during each milk 
pick up and placing it into a composite milk sample 
bottle that contained preservative. The composite milk 
was held unrefrigerated at the farm and subsequently 
transported to the laboratory for testing at the end of 
the 15-d period. Today, for the purpose of DHIA test-
ing, individual cow milk samples are preserved as they 
are collected and usually arrive at the laboratory within 
2 or 3 d unrefrigerated, whereas bulk tank milk samples 
for payment testing are unpreserved, transported cold 
to the testing laboratory, and usually tested within 72 
h of milk collection.
The milk preservative used should not affect the out-
come of the test procedure (Kroger, 1985). An optimal 
preservative would have the following characteristics: 
(1) broad-spectrum activity; (2) effectiveness at low 
concentrations; (3) high water solubility; (4) stability 
under most storage conditions; (5) color for safety pur-
poses; (6) compatibility with high- or low-fat pooled 
milk and individual milks; (7) reasonably long shelf-life 
activity; (8) hypoallergenicity, nontoxicity, and environ-
mental friendliness; (9) low cost and ready availability; 
and (10) ease of dispersal (tablet preferred) (Kroger, 
1985). No preservatives for milk testing on the market 
today satisfy all of the previously stated requirements.
Historically, mercuric chloride (HgCl2) was widely 
used to preserve composite milks held at room tem-
perature for 15 d. Whereas the HgCl2 prevented mi-
crobial growth, lower fat tests of milk composites with 
increasing time of storage was due to lipolytic hydroly-
sis (Manus and Bendixen, 1955) caused by native milk 
lipase. Although chemical preservatives inhibit micro-
bial growth, they do not inhibit the activity of native 
milk enzymes. Manus and Bendixen (1955) found that 
other preservatives produced smaller changes in fat 
test. Because HgCl2 is corrosive and highly toxic, the 
use of HgCl2 was discontinued by the end of the 1960s 
(Kroger, 1985). As a result, interest in finding alterna-
tive preservatives for use in milk testing increased.
Potassium dichromate (K2Cr2O7) was commonly 
used as a milk preservative for DHIA milk testing 
when Milko Testers were widely used to measure 
milk fat content (Kroger, 1971). The K2Cr2O7 works 
well as a milk preservative but is a known skin irri-
tant, can cause allergic dermatitis, and is a biocide, 
one with the potential to cause sewage problems and 
elevated chromium levels in drinking water (Kroger, 
1985). Dichromate is toxic (it is also carcinogenic and 
an oxidizer) to humans and is considered to be a cor-
rosive poison (Bertrand, 1996; Environmental Health 
& Safety, 2008a). A possible replacement for K2Cr2O7 
is sodium azide (also toxic; Environmental Health & 
Safety, 2008b), but low test results were reported when 
measuring fat and protein with a Foss MilkoScan (Foss 
Electric, Hillerød, Denmark; Kroger, 1985). The low 
results were traced to NaCl (200 mg/tablet) that was 
used as a filler in the preservative tablets (Kroger, 
1985). The problem caused by the NaCl in the preser-
vative tablets raised awareness that other ingredients in 
a preservative tablet may have an effect on test results. 
The major reason sodium azide was not commonly 
used as a milk preservative in North America was the 
possibility of spontaneous explosions caused by sodium 
azide reacting with metals in waste system pipes within 
laboratory buildings and in sewage systems. Because 
of the environmental and worker safety issues with the 
earliest preservatives, bronopol was chosen as a possible 
alternative. Various formulations of bronopol-based 
preservatives are commonly used in milk testing. Bro-
nopol is used in low concentrations as a preservative in 
some cosmetic products because it does not cause skin 
reactions in humans (Maibach, 1977). This makes bro-
nopol a better choice than K2Cr2O7 or Na2 Cr2O7 from 
a worker health and safety perspective. When added to 
milk, pure bronopol (C3H6BrNO4; 2-bromo-2-nitro-1,3 
propanediol), unlike HgCl2 and K2Cr2O7, produces no 
change in color. One cannot determine visually if a milk 
has been preserved when bronopol is used alone and 
therefore, at a minimum, a color additive is required. 
Ardo (1979) compared bronopol with methylene blue 
and sodium dichromate preserved milks and concluded 
that milk samples preserved with bronopol should not 
be analyzed by ether extraction (i.e., Röse-Gottlieb); 
but in connection with instrumental methods for fat 
and protein, preservation with bronopol is a very good 
alternative to sodium dichromate. However, in the re-
port by Ardo (1979), there was insufficient description 
of the experimental design and no statistical analysis of 
the data to determine if statistically significant differ-
ences existed among preservative treatments. Multiple 
experiments within this paper produced conflicting 
results for the effect of bronopol on ether extraction 
results. Where indices of variation in the data were 
given for instrumental analysis methods with different 
preservatives, it appeared that the statistical power 
of the experiment did not allow for the detection of 
differences that would be of practical importance. Be-
cause of the need to find a more environmentally and 
occupationally acceptable milk preservative, it became 
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common practice in the 1980s to use bronopol as a milk 
preservative. Today, many commercial milk preserva-
tives contain other ingredients in addition to the active 
antimicrobial agent, and these other ingredients may 
have an effect on mid-IR milk analysis, even though the 
active antimicrobial agent itself has little or no effect.
In the present study, 6 different bronopol-based 
preservative approaches were used: pure crystalline 
bronopol, 2 liquid, and 3 tablet approaches. The pure 
bronopol did not contain a color additive, whereas the 
2 liquid bronopol approaches (Bronolab WII and UDY-
Pol) each contained a dye so that the analyst could 
differentiate a preserved from an unpreserved milk. 
The bronopol-based tablets (Microtabs II, Advanced 
Instruments, Norwood, MA) contain a second active 
ingredient that inhibits mold (natamycin, C33H47NO13). 
In addition to the antimicrobial compounds in Micro-
tabs II, many other compounds, including a dye, are 
present in this milk preservative system. The Microtab 
II tablets are described in a series of 4 patents (Young 
and Fredericks, 1984, 1985; Brunt and Higton, 1987; 
Ruttan, 1993). In the first and second patents (Young 
and Fredericks 1984, 1985), an additive system was 
described as “a composition which is added to liquid 
samples undergoing double-wavelength infrared analysis 
which produces no net differential effect on the double 
wavelength channel. The composition is formulated by 
selecting one compensating component for each double-
wavelength channel, such that said compensating com-
ponent off-sets the net differential effect exerted by the 
remainder of the composition.” Microtab II preserva-
tive tablet ingredients and their functional properties, 
as described in the series of patents, are summarized in 
Tables 1 and 2, respectively. In the 1985 patent, the in-
frared absorbance compensating compounds were iden-
tified as glucono-δ-lactone, pthalimide, sodium acetate, 
and citric acid for fat B, fat A, protein, and lactose, 
respectively. In the 1987 patent, more citric acid was 
added to the formulation to increase the shelf stability 
of the tablets. In the 1993 patent, further changes were 
made in the preservative formulation. The 1993 pat-
ent aimed to provide an improved antimicrobial agent 
(i.e., a combination of bronopol and nataycin) with im-
proved high-temperature performance. However, in this 
patent, the other ingredients in addition to bronopol 
and natamycin were no longer identified individually. 
The other ingredients were categorized into one group 
called “inert” ingredients, which comprised 55% of the 
weight of each tablet. The Microtab II tablets marketed 
today continue to be produced as described in the 1993 
patent (P. Costas, Advanced Instruments, Norwood, 
MA; personal communication), and they do not contain 
the absorbance-compensating compounds described in 
early patents.
Ideally, the materials added to a milk sample should 
not absorb light in the region of the infrared spectra 
(3 to 10 μm) where the milk components are being 
measured. Potassium dichromate is very good in this 
regard because it does not absorb light in the range 
from 3 to 10 μm. Sodium azide absorbs infrared light 
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Table 1. History of ingredient formulation of bronopol preservative tablets commonly used by the dairy 
industry 
Ingredient (mg)
Patent year
Current  
label1984, 1985 1987 1993
Bronopol 12.5 12.0 to 12.5 6.0 8.0
Sodium chloride 13.1 126.5 12.5 “Inert” ingredients = 0 mg1
Sodium bromocresol purple 0.9   
KCl 43.0   
Boric acid 1.3   
Steric acid 0.5   
SiO2 1.2   
Glucono-δ-lactone 49.7   
Pthalimide 0.4   
Sodium acetate 1.5   
Citric acid 1.0 6.0  
Carmoisine  0.3  
Sodium benzoate  4.5  
Plasdone  0.7  
FD&C yellow #6   1.0
Klucel EF   0.2
Carbowax   0.02
Natamycin   0.3 0.3
Total 125.0 150.0 20.0 18.3 
1As of the 1993 patent, the other ingredients in addition to bronopol and natamycin were no longer identified 
individually. The other ingredients were categorized into one group called “inert” ingredients, which comprised 
55% of the weight of each tablet. 
strongly at 4.67 μm (an area of the spectra not typi-
cally used in mid-IR filter based milk analysis) and 
weakly at 7.64 μm (in the region where lactose is 
measured). The strong absorbance by sodium azide 
at 4.67 μm makes it useful as an internal standard in 
other quantitative infrared analysis methods (Fraser, 
1959). Bronopol has 2 CH2 groups in its structure and 
therefore absorbs light at the CH stretch wavelengths 
were the fat B measurement is made, in addition to 
absorbance at the wavelengths where protein and lac-
tose typically are measured. Fortunately, the bronopol 
concentration that is used to preserve milk is low (i.e., 
0.01 to 0.02%), so the intensity of absorbance is small, 
but the concentration may affect infrared milk analysis 
results. Natamycin is used in an even lower concentra-
tion (0.0075%) than bronopol, but because of its large 
and complex structure, natamycin does absorb light in 
the regions of the spectra where fat B, protein, and fat 
A are measured. The issues of toxicity and disposal of 
preserved milks has caused the dairy industry to move 
away from preservatives that have little effect on milk 
analysis (e.g., K2Cr2O7) to compounds that could have 
some effect on milk test results. The objective of our 
research was to determine the effect of different com-
monly used milk preservatives on the accuracy of milk 
fat, protein, and lactose content determination by mid-
IR milk analysis with respect to bias differences and 
changes in mid-IR milk analyzer readings on the same 
milk during the refrigerated shelf life of the preserved 
milk.
MATERIALS AND METHODS
Experimental Design and Statistical Analysis
Seven preservative approaches that have been used 
in the USDA Federal Milk Market Orders were evalu-
ated using 4 different milk sources (35,000 g each). Our 
goal was to determine if any of these preservative ap-
proaches created a bias difference in test results or if 
any of the preservative approaches produced differences 
in the stability of infrared readings during milk storage. 
Two producer raw milks (Holstein and Jersey) and 2 
pasteurized modified milks (Kaylegian et al., 2006a), 1 
similar to Holstein milk and 1 similar to Jersey milk, 
were used as the 4 different milk sources in our study. 
The total amount (35,000 g) of milk required per 28-d 
test period was mixed and split into 7 (4,280 g) por-
tions, 1 for each of the 7 preservative approaches and 
one 2,180-g portion to remain unpreserved. The weight 
of the unpreserved portions was smaller than that of 
the preserved portions because the unpreserved por-
tions were analyzed only during the first 10 to 14 d of 
each 28-d period. After about 10 d, the unpreserved 
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milks were spoiled. To achieve the same concentration 
for each preservative and the same total dilution of the 
milk by nonmilk material, the amount of each preserva-
tive (plus water added) was adjusted to achieve the same 
milk dilution for all 7 preservative approaches and for 
the unpreserved milk. The preserved milks were made 
at the beginning of each of 3 different 28-d periods, 
and testing was conducted every Monday, Wednesday, 
and Friday of each week within the 28-d period. Two 
mid-IR transmittance milk analyzers were used during 
this study: a MS 605 (Foss Electric) and a Delta FTIR 
Lactoscope (Delta Instruments, Drachten, the Nether-
lands). The 8 different milk treatments for each of the 4 
milks were tested for fat B, lactose, protein, and fat A, 
and the experiment was replicated 3 times (28 d each) 
for a total of 84 d.
The data were analyzed separately by instrument us-
ing the Proc GLM routine of SAS (SAS Institute Inc., 
Cary, NC) and then analyzed as one combined set for 
both instruments. When data were analyzed separately 
for each instrument, the terms that were significant in 
the ANOVA model were the same for both instruments. 
Thus, the data from the 2 instruments were combined 
in 1 ANOVA and the results of that statistical analysis 
are reported. A split-plot ANOVA model was used with 
instrument (df = 1), milk sources (df = 3), replicate (df 
= 2), and preservative (df = 6) as category variables in 
the whole plot, and time of milk storage was defined as 
a continuous variable in the subplot. Distortion of the 
ANOVA by multicollinearity in the model was mini-
mized by centering the time of running using a math-
ematical transformation (Glantz and Slinker, 2001). 
Time was transformed as follows: time transformed = 
running time – [(last time – first time)/2]. This trans-
formation made the data set orthogonal with respect to 
time. The whole plot contained the 4 category variables 
(instrument, preservative, milk source, replicate) using 
all of the 2- and 3-way interactions of these 4 terms plus 
the 4-way interaction term (the whole plot error term), 
which was used to test for the statistical significance 
of each of the main effects and their interactions. The 
subplot included linear and quadratic functions of time 
of storage and all possible interactions with category 
variables from the whole plot. The error term used for 
testing significance terms in the subplot was the model 
error. The data set for the statistical analysis contained 
15,709 individual tests (8,096 tests for the Delta and 
7,613 tests for the Foss). The lower number of tests for 
the Foss was the result of 2 d during the first replicate 
when the instrument had mechanical problems and 
samples could not be tested. The data for the Foss on 
those days of storage during replicate 2 and 3 were not 
used so that the Foss data set remained balanced across 
the 3 replicates. Significant changes in IR readings with 
time of milk storage were detected and the data were 
further analyzed. For this analysis, 10 d of test values 
for each instrument were used in each replicate to have 
a balanced combined data set for the 2 instruments for 
the regression analysis. The slope of each instrument’s 
uncorrected readings for each preservative approach was 
determined, and those slopes were used to calculate the 
magnitude of changes in the mid-IR readings over time 
for each preservative approach and each milk source 
for a 28-d period. After reviewing the results of the 
statistical analyses described above, trends in the data 
were observed that were dependent on the milk type 
(i.e., raw or pasteurized). A new ANOVA model was 
used (instrument, replicate, milk type, and preservative 
approach) and the data were reanalyzed to determine 
if there was a significant effect of milk type (df = 1, 
raw herd or pasteurized modified milk) on the slope of 
uncorrected readings.
Milks Used in the Study
Pilot Milk Used to Evaluate Instrument Stabil-
ity. In a previous study (Kaylegian et al., 2007), 3 batch-
es of frozen pilot milk were used effectively to monitor 
stability of uncorrected instrument signal throughout 
the study, a new batch for each of 3 replicates within 
the study. A similar approach was used in the current 
study, except that a single batch of frozen pilot milk 
was used for the 3 replicates. The pilot milks were used 
to evaluate the stability of each infrared analyzer over 
the complete 84-d study period. These milks contained 
no preservative and would have no lipolytic or prote-
olytic deterioration or microbial growth throughout the 
study. Presumably, any change in uncorrected read-
ings of the pilot milks during the study would reflect 
a change in instrument response and not deterioration 
of the milk. Pilot milks were prepared using 1 pasteur-
ized, homogenized, unpreserved whole milk that that 
was split into 60-mL vials, quick frozen by immersion 
in liquid nitrogen, and transferred into a −80°C freezer. 
On each day of milk testing, 3 vials were removed from 
the freezer for each instrument. The frozen milks were 
rapidly thawed in a microwave oven to a temperature of 
about 4 to 8°C and then immediately heated in a water 
bath to approximately 40 to 42°C and analyzed with a 
MS 605 and a Delta FTIR Lactoscope.
Raw and Pasteurized Milks Used to Evalu-
ate Preservative Approaches. Four different milk 
sources were used in this study: Holstein farm milk 
(raw), Jersey farm milk (raw), a modified milk similar 
to Jersey (pasteurized), and modified milk similar to 
Holstein (pasteurized). Holstein milk was obtained from 
the Cornell University Farm and Jersey milk was ob-
tained from a local Jersey dairy farm. Each batch of the 
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4 unpreserved milks (either producer or modified) was 
mixed and split into 8 portions. Seven of the portions 
(4,280 g each) were used for the different preservative 
approaches and 1 portion (2,180 g) was used unpre-
served. These milks were mixed and split into 60-mL 
plastic vials after preservative was added. Milks were 
tested 12 d per 28-d period (every Monday, Wednesday, 
and Friday) on the Delta. However, because of a me-
chanical problem on the Foss during replicate 1, milks 
were tested on only 10 d during the 28-d period. A total 
of 84 treatment vials, 12 unpreserved vials, and 3 pilot 
vials were used each test day on 1 infrared analyzer.
Preservatives and Their Preparation
The 7 preservative approaches achieved the following 
final concentrations of the active ingredient in milk: 
potassium dichromate (0.02%; Fisher Scientific, Fair-
lawn, NJ, certified ACS fine crystals); bronopol powder 
(Spectrum Chemicals, Gardenia, CA) with no color ad-
ditives (0.02%); Bronolab WII (D&F Control Systems, 
Inc., Dublin, CA) liquid (0.02% bronopol); Microtabs 
II tablet (manufacturer instructions, 0.02% bronopol 
and 0.00075% natamycin; D&F Control Systems, Inc.); 
Microtabs II tablet (slurry method full strength, 0.02% 
bronopol and 0.00075% natamycin); Microtabs II tab-
let (slurry method half strength, 0.01% bronopol and 
0.000375% natamycin); UDY-POL (Udy Corp., Fort 
Collins, CO), active ingredient was Bronopol (0.02%) 
but color system was different than Microtabs.
All preservatives were made with stock solutions ex-
cept for the Bronolab WII liquid and the direct addition 
of Microtabs II to the milk. Potassium dichromate was 
considered the preservative of choice because it does not 
absorb IR light in the wavelength range used for mid-IR 
milk analysis. To achieve rapid and complete dispersion 
of potassium dichromate in milk, a 6.7% (wt/wt) aque-
ous stock solution of K2Cr2O7 was prepared. The aver-
age weight of K2Cr2O7 stock solution that was needed 
to achieve a 0.02% concentration in milk established 
was the target weight for all subsequent preservatives 
(and water) for this study. A total of 12.84 g of nonmilk 
ingredient was added to each treatment for all preser-
vative treatments and for the unpreserved milk: (P1) 
dichromate 12.84 g of a 6.7% solution of K2Cr2O7 was 
added to each 4,280-mL sample of milk; (P2) bronopol 
powder was made to 18% solution and then 5.35 g of 
that solution plus 7.49 g of water were added to each of 
the milk samples; (P3) Bronolab WII liquid was added 
at 5.35 g and then 7.49 g of water; (P4) Microtabs II 
tablets (1.93 g) were added plus 10.91 g of water; (P5) 
1.93 g of Microtabs II tablets made to 5.53 g in a slurry 
with water (to rehydrate the tablets overnight) plus 
7.31 g of water when added to the milk; (P6) 0.965 g 
of Microtabs II tablets made to 2.77 g in a slurry with 
water (to rehydrate the tablets overnight) plus 10.07 g 
of water when added to the milk; (P7) 8.56 g of liquid 
UDY-Pol plus 4.28 g of water; and (8) for the unpre-
served milk, 12.84 g of water was added per 4,280-mL 
sample of milk.
Infrared Milk Analysis
Two mid-IR transmittance milk analyzers were used 
during this study: the MS 605 was a fixed-filter in-
strument with 4 sample filters and 4 reference filters 
with mean wavelengths and bandwidths as described 
by Kaylegian et al. (2009). The FTIR Lactoscope took 
the virtual filter approach described by Kaylegian et al. 
(2009), with the optimized virtual filter center wave-
lengths and bandwidths. We did not use a PLS-based 
infrared milk analysis approach in the current study 
because the PLS methods were not well defined. The 
PLS models used for milk component analysis differ 
(in wavelengths used and magnitude of regression coef-
ficients) from one instrument manufacturer to another 
and even from one instrument model to another from 
the same instrument manufacturer. To properly study 
the effect of preservatives on response of PLS-based 
systems, different instruments with different PLS-based 
models within the study design are required; this was 
outside the scope of the current study. Throughout the 
3 replicates of the study, uncorrected (i.e., linearized 
and gain adjusted) data (Barbano and Clark, 1989; 
Lynch et al., 2006) for fat B, lactose, protein, and fat 
A were collected. The uncorrected data represent the 
basic machine response independent of week-to-week 
adjustments and random variations of secondary slope 
and intercept that are part of the set-to-set variation in 
calibration milks and their reference values (Kaylegian, 
et al., 2006a). By using uncorrected data from each 
instrument, this source of variation was eliminated. 
The magnitude and direction of a change in the pri-
mary uncorrected mid-IR signal for a milk component 
is reflected directly in the final corrected test result. 
Throughout the study, the primary slope of the un-
corrected signal for each instrument was checked by 
the procedures described by Lynch et al. (2006) and 
no changes in primary slope were necessary on either 
instrument during the study.
On each test day, each instrument’s flow system 
was cleaned (Delta Lactoscope using Decon 90, De-
con Laboratories Ltd., E. Sussex, UK; Foss 605 using 
MilkoScan nonfoaming Stella, Foss Electric) and then 
each instrument was adjusted to read zero on a 0.01% 
aqueous solution of triton X-100. Next, 3 vials of zero-
ing solution (3 tests per vial) were run as a sample to 
verify the initial zero values, followed by 3 vials each 
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of 7 preservative approaches for Holstein milk and 3 
vials of the unpreserved milk (3 tests per vial). In the 
data analysis, the first test on the first vial of the 3 vi-
als for a preservative approach was not used. This was 
done to minimize carry over effects from the previous 
preservative approach. The 8 remaining test values for 
each preservative approach were used directly in the 
ANOVA for that preservative approach and represent 
random error in the statistical analysis. The 3 vials 
of each preservative approach were run on the instru-
ments in this order: P1, Holstein raw milk (HRM) 
with potassium dichromate; P2, HRM with bronopol 
with no color additives; P3, HRM with Bronolab WII 
liquid; P4, HRM with Microtabs II tablet (manufac-
turer instructions); P5, HRM with Microtabs II tablet 
(slurry method full strength); P6, HRM with Microtabs 
II tablet (slurry method half strength); P7, HRM with 
UDY-Pol; and P8, unpreserved HRM. Next, the flow 
system was flushed 3 times with zeroing solution and 
then 3 vials (3 tests per vial) of zeroing solution were 
run as a sample to determine if the 0 had shifted from 
the beginning to the end of testing the batch of milks. 
Uncorrected data was collected from each instrument 
on all milks. This process was repeated for the Jersey 
milk, modified milk similar to Jersey, and modified milk 
similar to Holstein. Finally, the frozen pilot milks were 
thawed and analyzed on each day of testing and zeros 
were checked before and after running the pilot milks.
RESULTS AND DISCUSSION
Instrument Stability Over 84 d
Three vials of pilot milks were thawed and tested 
on each day the preserved milks were tested. In the 
study by Kaylegian et al. (2007), changes in uncor-
rected readings for frozen and thawed pilot milks were 
determined within each of 3 separate 4-wk periods. The 
longer period using the same pilot milk (i.e., 84 d in the 
current study vs. 4 wk in the previous study) increased 
our sensitivity to detect gradual changes in uncorrected 
signal with time. Significant (P < 0.05) increases (Fig-
ure 1) were found in all uncorrected readings on the 
pilot milks over 84 d of the study, but the changes 
were gradual and small on each instrument for all com-
ponents. The largest changes in uncorrected readings 
in the current study were observed for lactose (Figure 
1B). In the study by Kaylegian et al. (2007), no change 
in uncorrected fat B, fat A, or protein readings were 
detected over 4-wk periods, but a significant change 
(i.e., 0.02 to 0.03%) in lactose reading occurred. The 
results on frozen pilot milks used to monitor instru-
ment stability during the 2 studies are consistent with 
each other.
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Figure 1. Change in uncorrected readings on pilot milks run over 
the full period of the study (84 d) for (A) fat B, (B) lactose, (C) 
protein, and (D) fat A uncorrected readings on the Delta Lactoscope 
FTIR (Delta Instruments, Drachten, the Netherlands) and the Foss 
MilkoScan 605 (Foss Electric, Hillerød, Denmark).
The change in the instrument readings on frozen pilot 
milks was subtracted from the change in the preserved 
milks for the evaluation of time-dependent changes in 
uncorrected reading for preserved milks stored at 4°C 
for each preservative approach. The fact that all uncor-
rected signals were increasing with time for the pilot 
milk could reflect a gradual erosion of the cuvette win-
dows and a slight increase in cuvette path length over 
the course of the study. A second possible explanation 
is that the samples sealed in plastic vials in the −80°C 
freezer gradually lost moisture during frozen storage. 
However, we feel the change in cuvette path length is 
the more likely source of this behavior.
Potassium Dichromate Preserved  
Versus Unpreserved Milk
Historically, K2Cr2O7 has been used as a milk pre-
servative because it does not absorb infrared light in 
the region of wavelengths used for milk analysis, it 
inhibits the growth of bacteria, and it produces a yel-
low color when added to milk. To verify that K2Cr2O7 
preservative has little effect on infrared milk analysis 
readings, K2Cr2O7 preserved and unpreserved portions 
of the same milks were tested on each instrument; the 
overall mean values for fat B, lactose, protein, and fat 
A are shown in Table 3. The unpreserved milks were 
tested only during the first 2 wk of each 28-d period, 
because they spoiled from microbial growth by the end 
of 2 wk. Results for unpreserved milks were not used if 
any evidence was found of spoilage reflected by oiling 
off when the milk was heated or visible mold growth on 
the milk surface before heating. No significant differ-
ences (P > 0.05) in fat B, lactose, and protein between 
dichromate preserved and unpreserved portions of the 
same milk were detected. A small but significant (P 
< 0.05) difference in fat A reading between K2Cr2O7-
preserved and unpreserved milk was detected with the 
K2Cr2O7-preserved milk testing lower than the unpre-
served milk by 0.0034%. Overall, K2Cr2O7 had little 
effect on mid-IR readings.
Instrument Zero Stability During the Study
When testing a group of milk samples, it is assumed 
that instrument zero does not change during the time a 
group of milks are tested. A summary of the frequency 
of shifts in zero of the instruments (combined for both 
Delta and Foss) of ≥0.01% over the complete study is 
shown for the raw milk and pasteurized milks (Table 
4). There were 136 batches of zero shifts instead of 144 
because of the 2 d in replicate 1 when the Foss instru-
ment was not working. The number of test cycles per 
batch of milk (i.e., 1 out of 4 milks) per instrument was 
72 from the beginning zero check to the ending zero 
check for each batch. A large difference occurred in the 
frequency of zero shifts between raw and pasteurized 
milks, with more zero shifts occurring when running 
raw milks on the lactose, protein, and fat A channels. 
Also, it was very clear from the data (Table 4) that the 
frequency of shifts in zero from the beginning to the 
end of running a batch of milks was much larger on the 
protein channel than other channels.
Short-term shifts in zero on an infrared milk ana-
lyzer are usually caused by milk solids depositing on 
the windows of the cuvette. A precalibration test exists 
for zero shift (Lynch et al., 2006) that is an indica-
tion of the condition of the cuvette windows and their 
propensity to (over the course of 9 measure cycles of 
milk) accumulate milk solids rapidly, resulting in a zero 
shift. The instruments used in this study were checked 
monthly and passed the short-run zero shift test as 
described by Lynch et al. (2006). The actual mean zero 
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Table 3. Mean uncorrected fat B, lactose, protein, and fat A readings 
for potassium dichromate-preserved (0.02%) and unpreserved portions 
of the same milks 
Channel Dichromate Unpreserved Difference1 LSD
Fat B 4.29022a 4.28681a 0.00340 0.03970
Lactose 4.43433a 4.44115a −0.00680 0.00990
Protein 2.30011a 2.30015a −0.00004 0.01180
Fat A 2.99040b 2.99378a −0.00340 0.00320
a,bMeans within a row without a common letter differ (P < 0.05).
1Dichromate preserved minus unpreserved.
Table 4. Summary of shift in zero of the instruments (combined for both Delta and Foss instruments) from 
the beginning to end of running 136 batches raw and 136 batches pasteurized milks measured for each channel 
for the 2 instruments combined 
Channel
Number of times ending  
zero shifted ≥ ±0.01%
Percentage of zero  
shifts of ≥ ±0.01%
Raw Pasteurized Raw Pasteurized
Fat B 7 8 5.1 5.9
Lactose 10 3 7.4 2.2
Protein 92 48 67.6 35.3
Fat A 26 1 19.1 0.7
shift values for the 3-mo period of this study on the 
Delta were fat B = −0.0023, lactose = 0.008, protein 
= 0.006, and fat A = 0.002, whereas on the MS 605, 
the values were fat B = −0.0019, lactose = 0.0122, pro-
tein = 0.0021, and fat A = −0.0023. Those zero shift 
values were determined with pasteurized, homogenized, 
unpreserved milk. The observations from the current 
study indicate that the magnitude of zero shift was 
influenced by pasteurization and preservation of milk 
samples. The data in the current study indicate that 
the largest shifts in zero can be expected when testing 
raw preserved milks. Cleaning the flow system between 
batches of milk removed these milk solids deposits and 
restored the original zero. The time when a shift in 
instrument zero will have the greatest effect on overall 
test results occurs when the zero shifts from the begin-
ning to the end of running of a set of calibration milks. 
This will affect the adjustment of slope and intercept of 
the calibration. It is likely that zero shifts occur more 
frequently when using raw milks for calibration (i.e., 
producer milks) than when using pasteurized milks for 
calibration (i.e., modified milks).
Influence of Preservative Approaches
Changes in IR Readings with Time of Milk 
Storage at 4°C. From the ANOVA of the complete 
set of uncorrected data, it was determined that pre-
servative approaches had an effect (P < 0.05) on un-
corrected readings and that all uncorrected readings 
changed with time for all milk components. In addi-
tion, significant interactions of time with milk source 
occurred for all milk components. A preservative ap-
proach × time interaction (P < 0.05) was observed 
for fat B, lactose, and fat A uncorrected readings, but 
no preservative approach × time interaction (Figure 
2) was detected (P > 0.05) for protein uncorrected 
readings (i.e., the lines were parallel). As a result, the 
rate of change of uncorrected readings per 28-d stor-
age period (4°C) was further analyzed to estimate the 
magnitude of the changes. From this analysis of the 
data, it was clear there was a difference (P < 0.05) in 
the rate of change in uncorrected readings that was a 
function of whether the milk was raw or pasteurized 
(i.e., milk type). The relative percentages of variation in 
the change in uncorrected reading with time explained 
by instrument, replicate, milk heat treatment (raw vs. 
pasteurized), and preservative approach are shown in 
Table 5. Differences from instrument to instrument and 
from replicate to replicate would be expected. However, 
milk heat treatment (or something else in the modi-
fied milk formulation process) had a larger effect on 
change in uncorrected reading than expected (Table 5), 
particularly for fat B. The producer milks were raw and 
the modified milks were pasteurized. The magnitude of 
changes in uncorrected reading for all milk components 
was smaller (P < 0.05) for pasteurized milks than for 
raw milks (Table 6), with measurement of fat having 
the largest reduction in change with time because of 
the pasteurization. The mean change in fat B reading 
in 28 d was 4 times larger (0.0206 vs. 0.0057) for raw 
milk than for pasteurized milk. The changes with time 
for pasteurized milk were smaller for all preservative 
approaches for all milk components (Table 6). These 
smaller changes with time for pasteurized milks were 
likely due to thermal inactivation of native milk en-
zymes (e.g., milk lipase), which cause degradation of 
milk components.
Bias Differences Between Preservative Ap-
proaches. Seven preservative approaches were evalu-
ated, 1 approach was K2Cr2O7 and the other 6 were 
various formulations of bronopol-based preservatives. 
The bronopol preservative approaches differed primar-
ily in the amounts and types of other nonbronopol ad-
ditives in the commercial preservative preparations and 
ranged from pure bronopol to the use of a bronopol-
natamycin blend with other added ingredients (i.e., Mi-
crotabs II). It was shown in Table 3 that no differences 
in mid-IR readings for fat B, lactose, or protein for 
milks preserved with 0.02% potassium dichromate and 
unpreserved portions of the same milk were detected (P 
> 0.05), whereas for fat A, a small difference (P < 0.05) 
in uncorrected reading between K2Cr2O7-preserved and 
unpreserved milks was detected (0.0034% fat). Because 
no significant differences were detected (P > 0.05) in 
uncorrected fat B, lactose, and protein readings be-
tween unpreserved and K2Cr2O7-preserved milks (Table 
3), all of the bronopol-based approaches were compared 
with K2Cr2O7 in Table 7. Mean uncorrected readings 
and mean differences in uncorrected readings (relative 
to K2Cr2O7-preserved milks) for fat B, lactose, protein, 
and fat A among different preservative approaches 
are shown in Table 7. Significant effects (P < 0.05) of 
preservative approaches on mean uncorrected readings 
were observed. With one exception, the bronopol-based 
approaches had lower readings than did potassium 
dichromate preserved milks on both fat B and fat A, 
whereas bronopol-based approaches had higher read-
ings for lactose and protein than for K2Cr2O7-preserved 
milks. The largest effect (P < 0.05) of bronopol-based 
approaches was on uncorrected protein readings (a posi-
tive bias of about 0.01%) relative to K2Cr2O7-preserved 
and unpreserved milks.
Could these bias differences have any practical 
significance in the dairy industry? First, it must be 
emphasized that the differences reported in this paper 
reflect the effect of these preservative approaches on 
instruments that used the classical paired-wavelength 
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method for measuring fat, protein, and lactose. For 
an instrument using a spectral calibration approach, 
the effect of preservative might be different (larger or 
smaller) from the classical paired-wavelength approach. 
Because different PLS-based spectral calibration models 
can use different wavelengths and different weighting 
factors from one instrument manufacturer to another, 
the effect of preservatives could be different from one 
PLS-based calibration model to another. When the 
magnitude of the bias differences produced by the 
various preservative approaches relative to K2Cr2O7 
shown in Table 7 is considered, the direct effect on 
a single test of an individual farm or individual cow 
milks would be relatively small. However, the effect of 
preservative could be much larger when considering the 
effects at other levels, as described previously (Lynch 
et al., 2004). For example, what is the effect of having a 
set of calibration milks preserved with bronopol, while 
the milks for routine testing are unpreserved? Looking 
at the data in Table 7, the various approaches using 
Microtabs II would produce a true protein test that 
would be about 0.01% protein higher than an unpre-
served milk. However, if a set of milks preserved with 
Microtabs II were used for calibration of an infrared 
milk analyzer, the preservative bias would cause the 
instrument calibration to be set low by about 0.01% 
protein (relative to unpreserved milk and potassium 
dichromate preserved milk) on average and result in 
a low bias of 0.01% protein on all unpreserved milks 
tested for protein. When this overall bias of uncorrected 
protein (0.01%, Table 7) is combined with the change 
over 28 d of storage, the protein readings could have 
an additional bias of 0.01 to 0.015% protein (Table 6), 
meaning the instrument should be adjusted using the 
calibration milks to read 0.02 to 0.03% lower in protein. 
However, this effect is invisible to the instrument op-
erator. If all of the milk tested is being sold by a dairy 
farm cooperative, this bias could result in significant 
funds being incorrectly allocated between dairy farm-
ers and processors. In the last few years, the price per 
pound of protein in the USDA Federal Milk Market 
payment system has varied from about $3.74 to $10.35/
kg. The difference in payment due to a 0.01% bias in 
protein for a factory purchasing 908,000 kg of milk/d 
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Table 5. Type III sum of squares expressed as a percentage of the total sum of squares (i.e., percentage of 
variation explained) by the ANOVA model for determination of the effect of instrument, replicate, milk type 
(i.e., raw vs. pasteurized), and preservative approach on the rate of change of uncorrected fat B, lactose, 
protein, and fat A readings over 28 d of storage at 4°C 
Variable df
Percentage of variation explained
Fat B Lactose Protein Fat A
Instrument 1 1.40 6.28 41.80 7.87
Replicate 2 11.59 1.80 4.31 26.67
Milk type 1 27.05 9.44 10.35 8.94
Preservative 6 NS 9.75 NS NS
Instrument × replicate 2 2.96 4.86 3.40 10.93
Instrument × milk type 1 1.61 NS 3.01 NS
Replicate × milk type 2 6.02 NS 2.93 3.69
Instrument × replicate × milk type 5 NS 8.94 NS NS
Variation explained  50.99 41.06 66.17 58.30
Table 6. Change in uncorrected fat B, lactose, protein, and fat A readings for producer (raw milk) and modified milks (pasteurized) during 28 
d of storage at 4°C averaged for 2 infrared milk analyzers 
Preservative approach1
Fat B Lactose Protein Fat A
Producer Modified Producer Modified Producer Modified Producer Modified
Potassium dichromate (0.02%) 0.0200 0.0064 0.0110 0.0073 0.0225 0.0121 0.0104 0.0065
Bronopol (0.02%) 0.0216 0.0053 0.0036 −0.0021 0.0173 0.0150 0.0167 0.0038
Bronolab WII (0.02%) 0.0217 0.0026 0.0045 −0.0008 0.0178 0.0133 0.0160 0.0036
Microtabs II (0.02%) 0.0180 0.0080 0.0064 −0.0004 0.0185 0.0135 0.0123 0.0060
Microtabs II slurry (0.02%) 0.0205 0.0058 0.0069 −0.0003 0.0200 0.0128 0.0136 0.0033
Microtabs II slurry (0.01%) 0.0198 0.0051 0.0072 0.0034 0.0193 0.0124 0.0125 0.0045
UDY-Pol (0.02%) 0.0227 0.0065 0.0040 −0.0003 0.0178 0.0143 0.0150 0.0043
Mean 0.0206a 0.0057b 0.0062a 0.0014b 0.0190a 0.0133b 0.0138a 0.0046b
a,bMeans of producer versus modified milk averaged across all preservative approaches within fat B, lactose, protein, and fat A in same row that 
do not share a common superscript differ (P < 0.05).
1Potassium dichromate was from Fisher Scientific (Fairlawn, NJ); bronopol with no color additives was from Spectrum Chemicals (Gardenia, 
CA); Bronolab WII liquid was from D&F Control Systems Inc. (Dublin, CA); Microtabs II was from Advanced Instruments (Norwood, MA); 
and UDY-Pol was from UDY Corp. (Fort Collins, CO).
would be about $122,000/yr when the protein price is 
$3.74/kg, and about $343,000 when the protein price 
is $10.35/kg. As the magnitude of bias increases, the 
financial consequence increases.
Based on the results of this study, the following are 
recommended as good laboratory practice for calibra-
tion of mid-IR milk analyzers: (1) when analyzing raw 
milks, the 0 of the instrument should be checked fre-
quently and adjusted when needed; (2) an instrument 
should be calibrated with milks treated in the same way 
as the population of milks that will be analyzed (i.e., if 
the population of milk is preserved, then the calibration 
milks should contain the same type and concentration of 
preservative, and if the population of milks for routine 
testing is unpreserved, then the calibration milks should 
be unpreserved); (3) because the uncorrected readings 
of calibration milks change with time, the calibration 
milks should be used to adjust the secondary slope and 
intercept (Barbano and Clark, 1989) of the instrument 
when they are fresh, and they should only be used to 
adjust the instrument as they age if a demonstrated 
need to adjust slope and intercept exists based on a 
significant change in readings on pilot milks; and (4) 
whenever possible, milks used for calibration of mid-IR 
milk analyzers should be pasteurized, unhomogenized 
milk to minimize the changes in mid-IR readings on the 
calibration milks during their shelf lives.
CONCLUSIONS
A significant difference in mid-IR fat A readings 
was observed, whereas no differences were detected 
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Table 7. Mean uncorrected readings and mean differences in uncorrected readings (relative to potassium dichromate-preserved milks) for fat 
B, lactose, protein, and fat A among 7 different preservative approaches 
Preservative1
Fat B Lactose Protein Fat A
Mean Difference2 Mean Difference2 Mean Difference2 Mean Difference2
Potassium dichromate (0.02%) 5.4152b 0 4.2656f 0 2.7234f 0 4.1983a 0
Bronopol (0.02%) 5.4163a 0.0012 4.2753c 0.0098 2.7328d 0.0094 4.1979a −0.0040
Bronolab WII (0.02%) 5.4141c −0.0010 4.2767b 0.0112 2.7325d 0.0091 4.1949b −0.0033
Microtabs II (0.02%) 5.4083f −0.0068 4.2773a 0.0118 2.7344c 0.0110 4.1890d −0.0093
Microtabs II slurry (0.02%) 5.4123d −0.0028 4.2753c 0.0097 2.7366b 0.0132 4.1907c −0.0075
Microtabs II slurry (0.01%) 5.4090e −0.0061 4.2744d 0.0088 2.7315e 0.0081 4.1891d −0.0092
UDY-Pol (0.02%) 5.4079f −0.0072 4.2737e 0.0081 2.7371a 0.0137 4.1888d −0.0094
a–fMeans within the same column that do not share a common superscript differ (P < 0.05).
1Potassium dichromate was from Fisher Scientific (Fairlawn, NJ); bronopol with no color additives was from Spectrum Chemicals (Gardenia, 
CA); Bronolab WII liquid was from D&F Control Systems Inc. (Dublin, CA); Microtabs II was from Advanced Instruments (Norwood, MA); 
and UDY-Pol was from UDY Corp. (Fort Collins, CO).
2Difference equals the value of milk with each preservative minus the value for potassium dichromate-preserved milk.
Figure 2. Regression lines showing the calculated change in mean uncorrected protein reading (mean of 4 different milks and 2 different 
instruments) for 7 different preservative approaches; 1 regression line per preservative approach: P1 = potassium dichromate (Fisher Scientific, 
Fairlawn, NJ); P2 = bronopol with no color additives (Spectrum Chemicals, Gardenia, CA); P3 = Bronolab WII liquid (D&F Control Systems 
Inc., Dublin, CA); P4 = Microtabs II tablet (manufacturer instructions; Advanced Instruments, Norwood, MA); P5 = Microtabs II tablet (slurry 
method full strength; Advanced Instruments); P6 = Microtabs II tablet (slurry method half strength; Advanced Instruments); and P7 = UDY-
Pol (UDY Corp., Fort Collins, CO) during 28 d of storage at 4°C. Color version available in the online PDF.
for fat B, lactose, and protein between unpreserved 
and preserved milks containing 0.02% potassium di-
chromate. All bronopol-based preservative approaches 
in this study differed in mid-IR test result compared 
with K2Cr2O7-preserved milk, with the largest effect on 
protein results. Mid-IR uncorrected readings increased 
with time of refrigerated storage at 4°C for all preser-
vative approaches, with the largest effect on protein. 
The rate of increase in uncorrected readings with time 
of storage was always higher for raw milks than for 
pasteurized milks, and the stability of instrument 0 was 
lower for raw milks than for pasteurized milks. The 
largest economic effect of a systematic bias caused by 
a preservative occurs when the milks used for calibra-
tion and routine testing for payment do not contain 
the same preservative or when calibration milks are 
preserved and milks for routine testing are unpreserved. 
These effects can create errors in payment for a large 
dairy processing plant ranging from several hundred 
thousand to over a million dollars annually.
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